P reterm infants with very low birth weight (VLBW; birth body weight <1500 g) are at risk of motor disorders and often demonstrate differences in motor development, both quantitatively and qualitatively, from that of term infants during the first years of life. 1,2 Attainment of motor skills in an infant affords opportunities to interact with people and to explore the environment and thus to develop perceptual, motor, cognitive, social, and emotional behaviors. 3 Research evidence has demonstrated association between early motor performance and later outcomes in cognition, motor, and language development. 4, 5 Therefore, it is important to examine motor development in preterm infants to help identify early those who may later show developmental disorders and to provide early intervention when the brain is adaptable to change.
Motor developmental is a nonlinear process during which rapid development and stable motor performance may occur alternately. 6 Variability in the rate of motor development has been reported in preterm infants as well as in term infants. 2, [7] [8] [9] For preterm infants with VLBW, the identification of motor dysfunction during early life is challenging due to the nonlinear feature of motor development and potential recovery from perinatal complications. 7, 10 Longitudinal follow-up of gross motor development in a large sample of preterm infants with VLBW is necessary to help understand the stability and variability over time. 11 Most prior studies have applied traditional analytic methods (eg, independent t-test) to compare the early motor development of preterm infants with that of term peers at individual time points. 12, 13 Although the mean performance of a sample can be estimated at each age, the information concerning the developmental variation within the sample and motor changes across ages has been limited. Only 2 prior studies have explored subgroups of motor development in preterm infants. One classified motor development into stable and unstable patterns, 8 whereas the other defined motor trajectories as stable, relatively stable, and unstable. 9 While these classifications were defined a priori, unusual subgroups may exist that cannot be allocated into these groupings. Furthermore, while early motor impairments are thought to influence motor and cognitive ability in later life, 4, 5 the predictive value of early motor trajectories on later developmental outcomes has not been investigated.
Only 2 studies have investigated the influence of risk factors on longitudinal motor performance of preterm infants. 8, 9 One study found that periventricular leukomalacia (PVL) and low birth body weight (BBW) were associated with motor performance in preterm infants with a stable motor trajectory, whereas no neonatal factor accounted for the variance in motor performance among preterm infants with an unstable motor trajectory. 8 Another study examined the association between risk factors and longitudinal motor performance in preterm infants regardless of their motor trajectory patterns. The results showed that male gender and intraventricular hemorrhage (IVH) were associated with poorer motor performance, while the influence of maternal education varied across ages. 9 None of these studies investigated whether the risk factors were associated with the trajectory pattern of infants' motor development.
This study therefore aimed to explore the motor trajectories in preterm infants with VLBW during their first year of age and to investigate the predictive ability of early motor trajectories on infants' developmental outcome at 24 months. In addition, the influences of perinatal and socio-environmental factors on early motor trajectories in preterm infants with VLBW were also examined.
Methods

Participants
This study included 369 preterm infants with VLBW who were born or admitted at 3 hospitals in northern Taiwan and had participated in our previous cohort studies (cohort I: 1995 -1999 cohort II: 2003 cohort II: -2006 cohort III: 2006 cohort III: -2009 ). [14] [15] [16] The cohort I and II studies longitudinally examined the development of preterm infants, whereas the cohort III study investigated the effectiveness of 3 intervention programs (ie, clinic-based, home-based, and usual care) in preterm infants. The common inclusion criteria for infants with VLBW in this study were gestational age (GA) <37 weeks, BBW <1500 g, and no congenital anomalies or hereditary diseases. However, preterm infants with VLBW who had severe neonatal disease-such as PVL, grade III to IV IVH, stage IV retinopathy of prematurity (ROP), severe cardiopulmonary disease requiring daily oxygen use at 44 weeks postmenstrual age (PMA)-or who were discharged from the hospital later than 44 weeks PMA were excluded from the cohort III study. All cohort studies were approved by the ethics committees of the hospitals. Written informed consent was obtained from the parents of each infant before participation.
Procedures
The perinatal and socio-environmental data were obtained from chart review and parental interview. Perinatal variables included infant's gender, GA, BBW, presence of ROP (stage I to V), 17 bronchopulmonary dysplasia (BPD) (mild: oxygen use at 28 days; moderate to severe: oxygen use at 36 weeks PMA), 18 and brain damage (minor: grade I-II IVH; major: grade III-IV IVH or PVL). Socio-environmental variables included parental education (high: college or above; moderate: high school; low: junior high school or below), cohort, and receiving clinic-or home-based intervention or not.
All infants were prospectively evaluated for their gross motor development at 4, 6, 9, and 12 months of corrected age using the Alberta Infant Motor Scale (AIMS). Infants' cognitive and motor outcomes were assessed at 24 months of corrected age using the Bayley Scales of Infant and Toddler Development, second edition (BSID-II). In addition, developmental morbidities such as developmental delay, cerebral palsy, and autism spectrum disorder that may account for infants' gross motor development were recorded via parent report and chart review at 24 months.
Measures Alberta Infant Motor Scale
The AIMS is a norm-referenced developmental assessment that examines gross motor development in infants aged 0 to 18 months. 19 The assessment emphasizes the attainment of gross motor skills, postural alignment, weight bearing of the body, and antigravity movement of the limbs in prone, supine, sitting, and standing positions. Each infant's total raw score was converted to a standardized score (Z) according to the Canadian norm. 19 Borderline and significant delays were defined as a Z score < -1 and < -2, respectively. A Z score of < -5 was assigned a value of -5.
Bayley Scales of Infant and Toddler Development, Second Edition
The BSID-II is a diagnostic developmental assessment for children aged 1 to 42 months of age. 20 It is composed of 3 scales: the mental scale, the motor scale, and the behavior rating scale. In this study, only the mental scale and the motor scale were used. Each child's mental and motor raw scores were converted to a mental developmental index (MDI) and a psychomotor developmental index (PDI), respectively, according to the Taiwanese norm based on 507 term infants. 21 The index scores have a mean of 100 and a standard deviation of 15. Borderline and significant delays were defined as a developmental index <85 and <70, respectively. 20 An index score of <50 was assigned a value of 49.
Both the AIMS and the BSID-II have acceptable reliability and validity when used with preterm and term infants in Taiwan. 10, 21 In the present study, the AIMS and BSID-II were administered by independent assessors. The assessors undertook training courses on the AIMS or the BSID-II, followed by practice administration and reliability assessment on several term and preterm infants prior to the study. Intrarater reliability was examined based on each assessor's first administration scores and second scores via video coding after one month for 10 infants. For interrater reliability, the assessor and an experienced researcher independently rated 10 infants' performance via video coding and their scores were compared. All assessors achieved high agreement (intraclass correlation coefficients >0.9) for the intrarater and interrater reliability before participating in the study.
Statistical Analysis
The AIMS Z scores across ages were analyzed using the following steps of growth mixture modeling (GMM) to identify subgroups with similar motor trajectories during the first year of life. 22, 23 First, the optimal number of subgroups was explored for the best model fit in a series of GMMs according to the following criteria. 24 The Akaike information criterion (AIC) and Bayesian information criterion (BIC) were used to compare the fitness between the 2 models, with a smaller value indicating better model fit and a parsimonious model. The Lo-Mendel-Rubin likelihood ratio test (LMR-LRT) was also used to compare the fitness between 2 consecutive models, with a significant difference indicating that the model with one more subgroup provided improved model fit. Entropy is a measure of classification quality, and a value of >0.8 indicates distinguishable classification between subgroups. 25 Moreover, the size of each subgroup is recommended to be >5% of the total sample. 26 Furthermore, binary logistic regressions with cohort adjustments were applied to examine the prediction of motor trajectories in the first year of life on later cognitive and motor outcomes at 24 months. Multinomial logistic regressions with cohort adjustments were used to examine the relation of perinatal and socio-environmental factors with infants' motor trajectories. All statistical analyses were performed using Mplus (version 7.3 Demo, Muthén and Muthén, Los Angeles, California) and the Statistical Analysis System program (version 9.2, SAS Institute, Cary, North Carolina).
Results
Of the initial 369 Preterm infants with VLBW, 27 who received the AIMS evaluation only once were excluded from the analysis to have optimal model estimation, leaving 342 infants in the study. The participating infants did not differ in baseline characteristics from the initial sample. Because the 3 cohorts showed different baseline characteristics (Table 1) , cohort effect was adjusted for in the subsequent analyses of the relationship between influencing factors and motor trajectories.
Identification of Motor Trajectories
The GMM results showed that a 3-subgroup model was the optimal choice according to the following steps of selection: first, the AIC and BIC gradually became smaller when the subgroup number increased from 1 to 4, indicating an improved model fit; second, the entropy of the 3-subgroup (0.82) and the 4-subgroup model (0.85) were comparable, indicating an acceptable classification quality; third, although the 4-subgroup model had significant LMR-LRT results, indicating a significant improvement in model fit compared with the 3-subgroup model, one of its subgroups accounted for only 3% of the total sample size and was therefore not considered the optimal model. The 3-subgroup model was selected that identified 3 motor trajectories among VLBW preterm infants: stably normal (n = 188, 55%), deteriorating (n = 109, 32%), and persistently delayed (n = 45, 13%) ( Table 2) . Infants with a stably normal trajectory exhibited typical motor performance with AIMS Z scores of -0.5 to 0.1 throughout the first year of life. Infants with a deteriorating trajectory showed initial motor performance in the typical range and then deteriorated to borderline delay (Z score < -1) from 6 months onward. Infants with a persistently delayed trajectory demonstrated borderline motor delay at 4 months and then declined to significant delay from 9 months onward (Z score < -2) (Figure 1 ).
Prediction of Motor and Mental Outcomes at 24 Months by Early Motor Trajectories
Two hundred and seventy-six infants (80.6%) returned for neurodevelopmental evaluation at 24 months. The 66 infants who did not return for assessment had a higher rate of neonatal brain damage, a lower rate of receiving early intervention, and lower maternal education level and were less likely to be in cohort III compared with those who returned (all P < .05). Their motor trajectories in the first year spread across the 3 subgroups but distributed significantly different from those returned at 24 months (P < .05), with a higher rate (22.7% vs 10.9%) in the persistently delayed subgroup and a lower rate (48.5% vs 56.5%) in the stably normal subgroup.
For infants who returned for 24-month follow-up, binary logistic regression analysis of the predictability of developmental outcomes by early motor trajectories was conducted with 2 cutoff index scores. When the cutoff index score was set at 85, preterm infants with a deteriorating trajectory compared with those with a stably normal trajectory were more likely to have borderline motor delay (odds ratio [OR] = 3.17, 95% CI = 1.77-5.67, P < .05) and mental delay (OR = 2.45, 95% CI = 1.40-4.27, P < .05) at 24 months of corrected age (Table 3) . Preterm infants with a persistently delayed trajectory were even more likely to have borderline motor delay (OR = 7.99, 95% CI = 3.29-19.38, P < .05) and mental delay at 24 months of corrected age (OR = 7.58, 95% CI = 3.04-18.90, P < .05). When the cutoff score was set at 70, preterm infants with a deteriorating trajectory had a higher risk of significant motor delay (OR = 20.63, 95% CI = 4.63-92.04, P < .05) and of significant mental delay (OR = 6.60, 95% CI = 2.10-20.78, P < .05) than those with a stably normal trajectory. Preterm infants with a persistently delayed trajectory showed a higher risk of significant motor delay (OR = 83.36, 95% CI = 16.06-432.73, P < .05) and of significant mental delay (OR = 28.49, 95% CI = 7.85-103.45, P < .05).
According to parent report and chart review at 24 months, the persistently delayed subgroup had 8 infants (26.7%) diagnosed with cerebral palsy and Data are presented as mean (SD) or n (%). a P < .05 when compared with cohort I. b P < .05 when compared with cohort II.
6 infants (20.0%) diagnosed with developmental delay; the deteriorating subgroup had 3 infants (3.3%) diagnosed with cerebral palsy and 18 infants (20.0%) diagnosed with developmental delay; the stably normal subgroup had 3 infants (1.9%) diagnosed with developmental delay. None of the infants received a diagnosis of autism spectrum disorder at 24 months of age.
Factors Associated With Motor Trajectories
The multinomial logistic regression analysis of the factors associated with motor trajectories in preterm infants with VLBW revealed that with respect to the stably normal trajectory, the deteriorating trajectory was more likely to occur in infants who were male (OR = 2.35, 95% CI = 1.45-3.83, P < .05), had moderate to severe BPD (OR = 2.92, 95% CI = 1.71-4.98, P < .05), or had low BBW (OR = 0.99, 95% CI = 0.98-1.00, P < .05). The persistently delayed trajectory was more likely to occur in infants with moderate to severe BPD (OR = 5.14, 95% CI = 2.32-11.37, P < .05), stage III to IV ROP (OR = 7.24, 95% CI = 2.64-19.90, P < .05), major brain damage (OR = 51.51, 95% CI = 6.27-423.43, P < .05), or low BBW (OR = 0.98, 95% CI = 0.97-0.99, P < .05) ( Table 4) . Neither intervention nor parental education was found to be associated with the motor trajectories of preterm infants with VLBW.
Discussion
The results of this study showed that during the first year of life, preterm infants with VLBW manifested 3 gross motor trajectories: stably normal, deteriorating, and persistently delayed. With respect to the previous studies that categorized preterm infants into stable or unstable motor patterns according to rules predetermined by the researchers, 8, 9 our results were based on statistical estimations that provided an explicit description of the trajectories and fit the data with more precision. Although preterm infants in the stably normal trajectory had a better motor performance than the preterm infants in the other 2 trajectories, their motor performance was still slightly below average throughout their first year of life and 20%-30% of the infants showed borderline or significantly delayed cognitive or motor outcomes at 2 years. Therefore, we suggest that preterm infants with a stably normal trajectory still require monitoring for their developmental progress, but their follow-up may be less rigorous than those with deteriorating or persistently delayed trajectories. Preterm infants with a deteriorating trajectory showed borderline motor delay after 6 months of age, indicating that regular developmental evaluation is necessary; early intervention is recommended when their performance begins to deteriorate. Preterm infants Data are presented as mean (SD). M = corrected age in months.
Figure 1.
The estimation of mean Alberta Infant Motor Scale Z scores for the 3 motor trajectories in preterm infants with very low birth weight at 4, 6, 9, and 12 months of corrected age.
with a persistently delayed trajectory showed progressively poor motor performance, suggesting that they require intensive therapy at early ages to help enhance their development. Our results, therefore, provide useful implications for making clinical decisions regarding the developmental surveillance of and interventions for VLBW preterm infants.
The motor trajectories during the first year of life were predictive of the motor and mental outcomes at 24 months in preterm infants with VLBW, which is consistent with the findings of previous studies. 5, 14, 27 At 24 months, most preterm infants in the stably normal trajectory exhibited normal motor performance, and few showed significant motor or mental delay. In contrast, preterm infants in the deteriorating trajectory were more likely to develop significant motor or mental delay and to have a diagnosis of developmental delay. Although preterm infants in the deteriorating trajectory showed an unfavorable motor performance during their first year of life, most infants still had an acceptable to normal motor performance at 24 months. The change in motor performance might have been due to their recovery from the impact of perinatal diseases or to the effects of the intervention. Moreover, preterm infants in the persistently delayed trajectory had a higher probability of significant motor or mental delay and diagnoses of major developmental disability. Combining our results on early motor trajectories and their predictive ability, we advise that preterm infants with VLBW require regular follow-up for their gross motor development, at least 2 to 4 time points distributed in the first and the second half of the first year in order to identify the early motor trajectory pattern. Furthermore, all preterm infants, regardless of early motor trajectory, should continue to be monitored for their cognitive and motor outcomes. A follow-up study of the developmental outcomes of these preterm infants is necessary to understand the long-term predictive value of early motor trajectories.
Several perinatal factors such as low BBW, male gender, moderate to severe BPD, stage III to IV ROP, and major brain damage were found to be associated with the occurrence of deteriorating and persistently delayed motor trajectories in preterm infants with VLBW. The association of low BBW with poor motor performance has previously been reported in preterm infants. 4, 28 Consistent with the findings of prior studies, male gender was related to a poorer motor development than female gender. [29] [30] [31] This may be related in part to gender differences in inflammatory responses, 32 hormonal effects, 33 and brain structures, 34 thus this relationship could not be solely attributed to the effects of perinatal risk factors. 35, 36 Major brain damage, such as PVL and severe IVH, has been shown to contribute to cerebral palsy and motor impairments in preterm infants 29, 37 via adverse effects on brain structures and brain development characterized by decreased white matter volume, enlarged ventricular size, and delayed myelination. 38 Stage III to IV ROP is an ocular problem that is highly associated with poor visual acuity, reduced stereo perception, and strabismus, which may further affect the visuo-motor coordination and hence motor function of preterm infants. 39, 40 BPD has been reported to be associated with damage to the corticospinal tract and visual pathways through repeated episodes of hypoxia and acidosis, and as the severity increases, so too does the impact on motor performance. 41 Moreover, preterm infants with moderate to severe BPD encounter an increased risk of rehospitalization during the first 2 years of life, 42 which also results in adverse effects on motor development. Our results suggest that preterm infants with VLBW who experience these perinatal risk factors should be closely monitored for their motor development during their first year of life.
Although this study failed to find a relationship between receiving an intervention and early motor trajectories, our previous studies have shown that at 24 months, infants in the clinic-based intervention program had a significantly lower rate of motor delay than those in the usual care group. 43 A possible explanation of the delayed intervention effect might be that our intervention emphasized age-appropriate cognitive, 
Conclusion
Preterm infants with VLBW exhibited 3 motor trajectories during their first year of life: stably normal, deteriorating, and persistently delayed. Furthermore, the early motor trajectories were predictive of subsequent developmental outcomes in preterm infants with VLBW. Several perinatal factors were associated with the deteriorating and persistently delayed trajectories; however, socio-environmental factors showed no association with the motor trajectories. The identified motor trajectories, predictive values, and influencing factors may improve the early detection and prevention of developmental disorders in preterm infants with VLBW.
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